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SOFTWARE SELECTABLE ADJUSTMENT OF 
SIMD PARALLELISM 

RELATED APPLICATION 

This application claims priority from and is a continuation 
of prior application Ser. No. 11/150,501, ?led Jun. 9, 2005. 

TECHNICAL FIELD 

The present subject matter relates to techniques and equip 
ment to selectively control active status (active and inactive) 
of one or a number of parallel data processing elements, eg 
of a Single Instruction, Multiple Data (SIMD) processor or 
the like based on software instructions, to conserve poWer for 
loW poWer applications. 

BACKGROUND 

Many devices utiliZe integrated processors, such as micro 
processors and digital signal processors, With complex 
arrangements of logic for performing data processing func 
tions in accord With program instructions. Applications that 
require digital processing of multimedia data, such as video, 
audio or graphics, are becoming increasingly popular With 
consumers. Processing of such information, hoWever, is 
intensive and has lead to processor architectures that are 
particularly suited to processing of such data. 

Multimedia data typically includes a considerable amount 
of “parallel” data. Data is “parallel” Where the individual 
units of data are not dependent on one another. Hence, pro 
cessing of one unit of data is independent of processing of 
another unit, that is to say it need not Wait for processing of 
any other unit to be completed. As a result, it is possible to 
perform a number of such independent data processing opera 
tions in parallel, at the same time. This feature of certain types 
of data, particularly the common forms of multimedia data, 
has led to the creation of parallel processors, Which can simul 
taneously manipulate units of data in parallel. Parallel pro 
cessing of multimedia data, for example, often helps to sub 
stantially increase overall processing speed. 
A number of different architectures and instructions types 

have been developed for parallel data processing, particularly 
for multimedia applications. For example, Single Instruction, 
Multiple Data (SIMD) processors process data in parallel. 
Multimedia processing using SIMD instructions reduces the 
overall number of instructions required to execute a particular 
program task and speeds up performance by operating on 
multiple data elements in parallel. Although the processor 
executes a single stream of instructions, the SIMD execution 
of those instructions concurrently processes multiple data 
streams in parallel. 
Many applications of processors, including highly parallel 

data processing type devices like SIMD processors, place 
severe constrains on poWer that the processor circuitry can 
consume. For example, portable devices, like cell phones, 
PDAs (portable digital assistants) and handheld video games, 
utiliZe battery poWer supplies. HoWever, these devices 
include sophisticated microprocessors and in some cases use 
co-processors for multimedia related processing. Processor 
designs for such applications Warrant careful control of poWer 
consumption, typically, to extend life of a charge in the bat 
tery poWer supply. 

The architecture of a processor establishes a “Width” of the 
data path through the processor, that is to say the maximum 
siZe of the data that can be processed. Parallel processing 
designs, such as SIMD processor architectures, are typically 
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2 
scaled to provide a data path Width that corresponds to the 
maximum amount of parallel data that the device can process 
during a given cycle. Current SIMD processors are available 
that can process up to 128-bits of data at a time, Which means 
that the overall Width of the data path is 128-bits. HoWever, at 
any given time, parallel portions of the processor may be 
processing smaller units of the data. 

Although other siZes are knoWn, common parallel proces 
sors today offer a 64-bit data path or a 128-bit Wide data path. 
The data path is constructed of parallel processing elements, 
although the paths can be con?gured to handle data of differ 
ent Widths . A 128-bit data path, for example, can be broken up 
into small siZes, that is to say the processor can process 
sections of the 128-bit data that are 8-bits long, 16-bits long, 
32-bits long or 64-bits long, as speci?ed by the SIMD instruc 
tions Written for the particular application. Using 8-bit 
instructions for example, a processor With a 128-bit Wide data 
path can process sixteen 8-bit data units, in parallel. Con 
versely, With a 64-bit data path, if an instruction requires 
128-bits, then the data may be divided into tWo 64-bit sec 
tions, and the instruction is sequentially executed on both 
64-bit sections. The processing of each 64-bit section, of 
course may entail parallel processing, eg of eight 8-bit data 
units. By dividing the processing for the 128-bit instruction, 
the 64-bit Wide data path can handle the 128-bit instruction, 
although the time for the divided processing is longer. 

These operations alloW optimum utiliZation of the parallel 
resources of the processor. Still, times occur When not all 
processing resources are needed for particular processing 
applications. Many functions or applications of the processor 
simply do not require the full processing capability of the 
processor device or require the full processing capability only 
for a very limited time. In the 128-bit data path processor 
example, an application or a portion thereof may require only 
64-bit data processing, for some substantial period(s) of time, 
for example because there is a limited amount of data paral 
lelism, the amount of data to process is loW or there is not such 
a great need for speed. If the elements providing the 128-bit 
Wide data path are all fully poWered continuously, hoWever, 
unused parallel elements are unnecessarily consuming 
poWer. 
A parallel processor could be designed With a loWer degree 

of parallelism than required for some applications, in order to 
be more ef?cient for applications that do not require the 
higher degree of parallelism. Although this compromise 
reduces poWer consumption for applications requiring less 
parallelism, it results in Wasted poWer and poor performance 
When more parallelism is required. 

Hence, loW-poWer applications for parallel processors still 
create a need for a technique to selectively control poWer to a 
parallel element of a SIMD processor or the like, so as to 
effectively reduce poWer consumption. 

SUMMARY 

The teachings herein provide selective activation/deactiva 
tion of one or more elements of a programmable parallel data 
processor. A parallel processing element can be shut doWn, 
When not needed, to conserve poWer. Essentially, the poWer 
control matches the operative degree of parallelism to 
requirements of a task to be performed by the parallel data 
processor. Aspects of these teachings encompass various 
methods of operation as Well as parallel processing devices. 

For example, a method of controlling parallelism of opera 
tions of a parallel data processor, involves executing one or 
more instructions in parallel in tWo parallel processing ele 
ments, e. g. arithmetic logic units, of the data processor, so as 
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to process data of a ?rst Width. Upon execution of a mode 
change instruction, one of the tWo parallel elements is deac 
tivated to conserve poWer. While that element is inactive, one 
or more instructions are executed in a second one of the tWo 

parallel processing elements, so as to process data of a second 
Width smaller than the ?rst Width. 

In a 128-bit Single Instruction, Multiple Data (SIMD) type 
co-processor example, the parallel processing elements 
might be tWo 64-bit SIMD arithmetic logic units (ALUs). 
When both units are operational, the ALUs provide a 128-bit 
Wide data path, and the co-processor operates in a 128-bit data 
processing mode. An instruction changes the mode to 64-bits, 
eg by setting a ?ag. In response, one of the ALUs is shut 
doWn, and the other ALU subsequently executes instructions 
for 64-bit Wide data processing. Even in the 64-bit mode, 
hoWever, the processor may handle instructions for process 
ing of 128-bit data. For example, the methodology may fur 
ther involve receiving a SIMD instruction calling for process 
ing of 128-bit data and expanding that SIMD instruction to 
tWo instructions calling for processing of data of the 64-bit 
data Width. The method then involves executing the tWo 
instructions resulting from the expansion in sequence through 
the one operational 64-bit ALU. 
As noted, the present teachings also encompass parallel 

data processors adapted to control the degree of parallelism in 
response to appropriate instructions. An example of such a 
device comprises a ?rst processing element responsive to 
program instructions, for processing data of a ?rst Width, e.g. 
64-bits in one implementation. The data processor also 
includes a second processing element responsive to program 
instructions, connected to operate in parallel With the ?rst 
processing unit. The parallel operation of the tWo processing 
elements provides parallel processing of data of a second 
broader Width (e.g. 128-bits). The processor also includes 
control logic for selectively activating and deactivating the 
second processing element, in response to program instruc 
tions. 

Additional objects, advantages and novel features Will be 
set forth in part in the description Which folloWs, and in part 
Will become apparent to those skilled in the art upon exami 
nation of the folloWing and the accompanying draWings or 
may be learned by production or operation of the examples. 
The objects and advantages of the present teachings may be 
realiZed and attained by practice or use of the methodologies, 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The draWing ?gures depict one or more implementations in 
accord With the present teachings, by Way of example only, 
not by Way of limitation. In the ?gures, like reference numer 
als refer to the same or similar elements. 

FIG. 1 is a functional block diagram, useful in understand 
ing the selective poWer control of a parallel processing ele 
ment, for example in a SIMD co-processor. 

FIG. 2 is a simpli?ed ?oW chart useful in understanding an 
example of control operations involved in sWitching betWeen 
tWo different levels of parallelism in the co-processor. 

DETAILED DESCRIPTION 

In the folloWing detailed description, numerous speci?c 
details are set forth by Way of examples in order to provide a 
thorough understanding of the relevant teachings. HoWever, it 
should be apparent to those skilled in the art that the present 
teachings may be practiced Without such details. In other 
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4 
instances, Well knoWn methods, procedures, components, 
and circuitry have been described at a relatively high-level, 
Without detail, in order to avoid unnecessarily obscuring 
aspects of the present teachings. 
The various techniques disclosed herein relate to selective 

poWer control of one or more parallel data processing ele 
ments, to match a degree of parallelism to requirements of a 
task performed in a highly parallel programmable data pro 
cessor. As discussed in more detail beloW, When program 
operations require less than the full Width of the data path, a 
softWare instruction of the program sets a mode of operation 
requiring a subset of the parallel processing capacity. At least 
one parallel processing element, that is not needed, can be 
shut doWn to conserve poWer. At a later time, When the added 
capacity is needed, execution of another softWare instruction 
sets the mode of operation to that of the Wider data path, 
typically the full Width, and the mode change reactivates the 
previously shut-doWn processing element. 

The present teachings are applicable to processor architec 
tures having parallel data processing elements. Examples are 
discussed With respect to a SIMD-type parallel processor 
architecture. Reference noW is made in detail to the examples 
illustrated in the accompanying draWings and discussed 
beloW. As noted, SIMD designs currently available in the 
market provide 64-bit and 128-bit Wide data paths. HoWever, 
the present teachings are applicable to parallel processors 
having narroWer or Wider data paths. The functional block 
diagram of FIG. 1 illustrates components of a SIMD device 
that are useful in explaining the parallel element poWer con 
trol. Those skilled in the art Will recogniZe that other elements 
Would be included in an actual SIMD processor. In the 
example, the parallel processing device is implemented as a 
SIMD co-processor 11, eg for performing multimedia data 
processing operations under control of an associated main 
core processor 13. 

Although not shoWn, a control may be provided to shut 
doWn the entire co-processor 11 When not being used by the 
application running in the main processor core 13, e. g. When 
there is no need for multimedia processing. Discussion here 
Will focus instead on cases Where at least some processing 
through the SIMD device 11 is called for, although different 
operating modes Will utiliZe different levels of the parallel 
processing capabilities of the device 11. 

In operation, the main processor core 13 Will run one or 
more programs, Which Will call for multimedia processing of 
at least some data. The instruction set executed Will include a 
SIMD extension, that is to say, a number of the instructions 
Will be SIMD type processing instructions. The main proces 
sor core 13 issues these SIMD instructions to the co-proces 
sor 11, Where they are initially placed in issue queue (IQ) 15. 
The issue queue is essentially a ?rst-in-?rst out buffer device 
for storing a number of SIMD instructions in sequence, 
before execution. 
The IQ stage 15 supplies instructions, in sequence, to an 

instruction expand stage 17. The SIMD co-processor 11 can 
provide parallel processing in a number of different data 
Width modes. Although there may be more modes or varia 
tions in the data Widths supported in each mode, the example 
shoWs a con?guration of the co-processor 11 supporting 
64-bit operation and 128-bit operation. 
A ?ag bit (M) 19 indicates the current operating mode. The 

bit value may be held in a ?ip-?op or as a bit in a larger 
register, eg in a condition register. A typical example of the 
processor 11 Will include a 32-bit control register (not sepa 
rately shoWn), and the mode ?ag 19 may be one bit at a 
designated position in that register. As discussed more later, 
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the ?ag 19 is set in response to execution of a software 
instruction. The expand stage 17 is responsive to the state of 
the mode ?ag 19. 

The SIMD co-processor also includes a register ?le 21, for 
holding operand data prior to processing, and an execution 
stage. In this simple example, the execution stage consists of 
tWo SIMD type arithmetic logic units (ALU) 23, 25. In the 
128 mode, both ALUs 23 and 25 are active, Whereas in the 
64-bit mode, only the ?rst (#1) ALU 23 is active. 

In the 64-bit mode, the co-processor 11 can still handle a 
128-bit SIMD instruction. For that purpose, the stage 17 
‘expands’ the 128-bit instruction by breaking it into tWo 
instructions each structured for processing of 64-bits of data. 
In the 64-bit mode, the stage 17 dispatches all instructions to 
the ALU 23, including instructions that originally called for 
64-bit Wide data processing, as Well as pairs of 64-bit instruc 
tions derived from expansion of any 128-bit instructions in 
the stream of SIMD instructions from the IQ stage 15. In the 
128-bit mode, the stage 17 dispatches instructions to both the 
?rst and second ALUs 23, 25, so that the units 23 and 25 
operate in parallel to provide a 128-bit Wide SIMD data 
processing path. 

Although the processor 11 executes a single stream of 
instructions, the SIMD execution of those instructions con 
currently processes multiple pieces of data in parallel. Each 
ALU 23 or 25, for example can concurrently operate on tWo 
32-bit data Words or on four 16-bit data Words. When both 
units 23 and 25 are operating in parallel, the combined data 
processing capability can handle four 32-bit data Words or 
eight 16-bit data Words. Other combinations of parallel pro 
cessing are also possible. 

In a simple example, the register ?le 21 may comprise tWo 
128-bit Wide registers for data, although additional registers 
may be provided. Those skilled in the art Will understand that 
the register ?le could comprise additional registers, for 
example, sixteen registers, each 128-bits Wide. Control of the 
register ?le 21 splits each 128-bits of data and sends appro 
priate amounts to each of the ALUs 23 and 25. The D port of 
the ?le 21 is a Write port. V121 the port D, data that is 128-bits 
Wide may be Written to a register in the ?le 21, eg from a 
source (not shoWn) or from the results output by the ALUs. 
The S port ofthe ?le 21 is a read port. Via the port S, data that 
is 128-bits Wide may be read from a register in the ?le 21, eg 
to a sink (not shoWn) such as memory. The A and B ports of 
the register ?le 21 are read ports, for supplying split data 
(64-bits each) to the ALUs 23 and 25. 

For 128-bit data processing instructions, the register ?le 21 
supplies the loW (least signi?cant) half of the 128-bits of data 
to the second ALU 25 and sends the high (most signi?cant) 
half of the data to the ?rst ALU 23. For a 64-bit instruction, the 
processor can select either the loW half or the high half of the 
128-bits of data in the register ?le to supply to the ?rst ALU 
23. In the 128-bit mode, any 64-bit instructions go to the ?rst 
(#1) SIMDALU 23, and 128-bit instructions go to both SIMD 
ALUs 23 and 25. In the 64-bit mode, all 64-bit instructions go 
to the ?rst SIMD ALU 23. Any 128-bit instructions are con 
verted into tWo 64-bit instructions, Which are fed sequentially 
to the ?rst SIMD ALU 23. 
As noted above, execution of an instruction Will set the bit 

for the mode ?ag 19, to indicate Whether the co-processor 11 
should operate in the 64-bit mode or not. Essentially, the 
program is Written to set the mode of operation at appropriate 
points in the processing How. The mode setting instructions 
may be Written-in by the programmer, or a compiler may 
insert the mode setting instructions When the program is 
compiled into machine language code. The co-processor may 
be designed to set the ?ag 19 in response to mode instructions 
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6 
executed by one or both of the ALUs 23, 25, in Which case the 
instructions are Written in such a form that the core 13 issues 
those instructions to the co-processor 11 for execution. Alter 
natively, the processor 11 could be coupled to the main pro 
cessor core 13, so that the core 13 sets the ?ag 19, in response 
to mode instructions executed by the main processor core 13. 
It is also possible that either processor 11 or 13 may set the 
mode ?ag 19. 
The mode status indicated by the ?ag 19 controls selective 

operations of the dispatch and expansion functions of the 
stage 17. For example, the processor could be con?gured to 
process all instructions in the form of 64-bit instructions, so 
long as the bit of ?ag 19 is a 1. If occasionally the stream of 
SIMD instructions includes a 128-bit instruction, the instruc 
tion expand stage 17 processor Will break it doWn into tWo 
64-bit instructions and send them through seriatim, to the 
ALU 23. When the bit of ?ag 19 is a 0, the stage 17 sWitches 
to the 128-bit mode, in Which it directs instructions for 128 
bit Wide operations to both ALUs 23 and 25 Without expan 
sion. In this mode, if there is an occasional 64-bit instruction 
in the stream from the main processor 13, the stage 17 can 
dispatch the 64-bit instruction to the ?rst ALU 23. 
The mode status of the processor 1 1 indicated by the ?ag 19 

also controls selective activation and deactivation of at least 
one parallel processing element, in the example, the second 
ALU 25. The ALU 25 is active in the 128-bit mode, Whereas 
it is unneeded in the 64-bit mode. In accord With the present 
teachings, the ALU 25 is poWered in the 128-bit mode, 
Whereas it is poWered-doWn (deactivated) in the 64-bit mode. 
As noted above, a 1 bit in the mode ?ag 19 indicates 64-bit 

operation. When the ?ag changes to that state (from a 0), the 
ALU 25 can be poWered doWn. Conversely, When the bit of 
?ag 19 goes back to a 0, the processor sWitches back to the 
128-bit mode, and the processor Will poWer-up the other half 
of the processor logic, in this case the second ALU 25. 

Operational status of the controlled parallel processing 
element, that is to say the second ALU (#2) 25 in the example 
of FIG. 1, may be controlled via one or more gate or sWitch 
circuits, represented generically by logic gates 27 and 29. 
Such a gate or sWitch selectively supplies and WithdraWs an 
enabling signal needed by the particular element. The gates 
27 and 29 appear as AND gates in the draWing, but they are 
intended as generic representations of circuits for selectively 
coupling signals to the elements of the ALU 25. Such a circuit 
27 or 29 may be a logic gate of any type, a sWitch, a combi 
nation thereof, or any other circuit con?gured to supply the 
appropriate type of signal to the functional elements of the 
ALU 25 in response to appropriate selection signals from 
poWer control logic 31. 

In this Way, the poWer control logic 31 controls the active 
status of the second ALU (#2) 25, in the example of FIG. 1. 
The mode ?ag itself could provide direct control of the selec 
tive activation and deactivation of gate(s) 27, 29 and thus of 
the ALU 25. HoWever, in such a case the ALU Would poWer 
up and poWer doWn immediately upon each transition of the 
mode of operation as indicated by changes of state of the 
mode ?ag 19. In most implementations, the ALUs 23 and 25 
Will comprise multi-stage pipeline units, and there may be a 
number of instructions in-?ight in the ALU 25 When the ?ag 
19 changes. The poWer control logic is responsive to the mode 
?ag 19, but it can provide a time lag folloWing a state change, 
to alloW for a smooth processing transition. For example, the 
logic 31 can monitor the operations of the ALU 25, so that 
upon detection of a transition to a 1 bit (shift from 128-bit 
mode to 64-bit mode), the poWer control logic 31 Will delay 
deactivating the ALU 25, until any remaining in-?ight 128-bit 
instructions have been processed and passed out of that ALU. 
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Although not shown, the logic 31 may also provide signals to 
other elements of the processor to control initial application 
of 128-bit instructions after a transition to the 128-bit mode, 
eg to alloW for time needed to poWer-up the ALU 25. 

The poWer control logic 31 may be implemented to selec 
tively control the status of the second ALU (#2) 25 in any of 
a variety of knoWn Ways, by selectively enabling and dis 
abling any signal needed for operation of the unit via opera 
tion of an appropriate gate or sWitch circuit 27 or 29. For 
example, the ALU 25 can be selectively enabled and disabled 
by controlled gating of the clock signal (CLK) used to control 
circuit sWitching functions Within to the unit 25. The ALU 25 
is disabled, in such an implementation, by cutting off the How 
of the clock signal (CLK) through the gate 27 to the ALU 25, 
so that the circuitry of the unit 25 does not sWitch at all in 
response to clock signals. This reduces dynamic poWer con 
sumption. To reduce leakage in such an implementation, the 
transistors of the ALU 25 may be designed With relatively 
high gate threshold voltages (loW leakage When not sWitch 
ing). Control based only on gating of the clock signal, hoW 
ever, may alloW for relatively quick re-starts of the ALU. 

Alternatively or in addition (as shoWn), the ALU state may 
be controlled by selective application or WithdraWal of a 
connection to a terminal of the poWer supply. Although the 
affected connection could be that to ground or a negative 
supply voltage, for purposes of the example, the gate 29 
controls supply of voltage V to the second (#2) SIMD ALU 
25. Operation of the gate 29 by the poWer control logic 31 
turns poWer to the ALU 25 on and off in accord With the 
current mode of operation of the co-processor 11. In such an 
implementation, When the mode ?ag shifts to 1 (64-bit opera 
tion), the poWer control logic 31 disables the ALU 25 after 
any remaining 128-bit instructions have been processed. At 
that time, the control logic 31 triggers the gate 29 to cut off a 
connection to the poWer terminal for supply voltage V, With 
respect to the circuitry of the ALU 25. This type of cut-off 
eliminates dynamic poWer consumption and leakage through 
the circuitry of that unit. 

The ?rst (#1) SIMD ALU 23 is active in both modes. 
Hence, that ALU is shoWn connected directly to the clock 
signal (Clk) and supply voltage (V), Without gated control. 
HoWever, poWer and/or clock signal to that processing ele 
ment 23 also may be controlled, eg to permit shutdoWn 
thereof When the co-processor 11 is not needed. 

The example of FIG. 1 shoWs a single parallel processing 
element, ALU 25, controlled based on the active mode of 
operation. Those skilled in the art Will recogniZe that a given 
processor may include several similar controls for a number 
of parallel elements that may be inactive While the processor 
1 1 operates on narroWer data for considerable periods of time. 
Assuming a 128-bit maximum Width, for another example, 
the ?rst ALU might be implemented as tWo 32-bit ALUs. In 
that case, an additional control system similar to 27, 29 and 31 
could control the second 32-bit ALU to provide additional 
selective deactivation of one 32-bit SIMD ALU, leaving only 
one unit active for 32-bit only operation. 

FIG. 2 is a How chart shoWing a possible How of the 
execution involved in sWitching betWeen tWo different levels 
ofparallelism in the processor 11 of FIG. 1. For purposes of 
discussion, assume that initially (at S1) the processor is 
executing instructions in parallel in the tWo parallel arith 
metic logic units 23 and 25. In this mode, the data processed 
may be up to 128 bits Wide, that is to say as Wide as the full 
data path provided by the units 23 and 25 Working together. In 
this mode, the poWer control logic 31 Will periodically check 
the status of the mode ?ag 19. For example, at step S2 if MIO 
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(M#1), then processing ?oWs back to S1, so that the processor 
11 continues in the 128-bit mode of operation. 
At some point, the main processor core 13 or the co 

processor 11 Will execute an instruction that changes the state 
of the mode ?ag 19 to a 1 (step S3). When next the How of 
operation of the poWer control logic 31 checks the ?ag at S2, 
processing noW ?oWs to S4. At S4, the logic 31 checks the 
second arithmetic logic unit (ALU #2) 25 to determine if there 
are any remaining in-?ight 128-bit instructions that need to be 
processed and passed out of that arithmetic lo gic unit 25. If so, 
the logic Waits (S5) and checks again. This monitoring con 
tinues until there are no longer any remaining in-?ight 128-bit 
instructions to be processed by the second arithmetic logic 
unit (ALU #2) 25, at Which point processing ?oWs to step S6. 

In the example, the processing reaches S6 upon detection 
of a mode change instruction, and detection that there are no 
in-?ight 128-bit instructions remaining to be processed the 
second arithmetic logic unit (ALU #2) 25. Hence, in step S6, 
the poWer control logic 31 deactivates or shuts doWn that unit 
25, to conserve poWer. Further processing runs in the 64-bit 
mode (S7), as discussed above. For example, While the sec 
ond arithmetic logic unit 25 is inactive, the processor 11 
executes one or more instructions in the ?rst arithmetic logic 
unit 23, so as to process data of 64-bits. Any 128-bit instruc 
tions received in this mode are expanded and processed 
sequentially as tWo 64-bit instructions. 
While in this mode, the poWer control logic 31 periodically 

checks the status of the mode ?ag 19. For example, at step S8, 
if M:1 #(/I(M), 4 then processing ?oWs back to S7, so that the 
processor 11 continues in the 64-bit mode of operation. At 
some point, the main processor core 13 or the co-processor 11 
Will execute an instruction that changes the state of the mode 
?ag 19 back to a 0 (step S9). When next the How of operation 
of the poWer control logic 31 checks the ?ag at S8, processing 
noW branches to step S10. In step S10, the control logic 31 
activates the second arithmetic logic unit (ALU #2) 25, and 
processing returns to step S1 Where further operations utiliZe 
the 128-bit instruction mode. 
The present teachings have a Wide range of applications. 

For example, the poWer control may be implemented in other 
parallel processors and in processors having different data 
path Widths. Also, the example of the parallel processor dis 
cussed above provided a co-processor associated With a main 
processor core. Those skilled in the art Will understand, hoW 
ever, that the parallelism control techniques discussed herein 
are not limited to co-processor implementations. 

While the foregoing has described What are considered to 
be the best mode and/or other examples, it is understood that 
various modi?cations may be made therein and that the sub 
ject matter disclosed herein may be implemented in various 
forms and examples, and that the teachings may be applied in 
numerous applications, only some of Which have been 
described herein. It is intended by the folloWing claims to 
claim any and all applications, modi?cations and variations 
that fall Within the true scope of the present teachings. 

What is claimed is: 
1. A method of processing a Single Instruction Multiple 

Data (SIMD) instruction When the SIMD instruction requires 
a data path Width greater than an active data path Width in a 
SIMD data processor, comprising: 

executing one or more operations in parallel in at least tWo 
arithmetic logic units of the data processor, so as to 
process data of a ?rst Width; 

upon execution of a mode change instruction, placing a 
?rst one of the tWo arithmetic logic units into a reduced 
poWer state; and 
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While the ?rst arithmetic logic unit is in the reduced power 
state, executing one or more instructions in a second one 

of the tWo arithmetic logic units, so as to process data of 
a second Width smaller than the ?rst Width; 

receiving a SIMD instruction calling for processing of data 
of the ?rst Width; 

expanding the SIMD instruction in response to the received 
SIMD instruction calling for processing of data of the 
?rst Width to at least tWo instructions calling for process 
ing of data of the second Width; and 

executing the at least tWo instructions resulting from 
expansion in sequence through the second arithmetic 
logic unit. 

2. The method of claim 1, Wherein the arithmetic logic 
units are SIMD arithmetic logic units. 

3. The method of claim 1, Wherein the arithmetic logic 
units are scalar arithmetic logic units. 

4. The method of claim 1, Wherein placing the ?rst arith 
metic logic unit into a reduced poWer state comprises gating 
a clock signal to the ?rst arithmetic logic unit. 

5. The method of claim 1, Wherein placing the ?rst arith 
metic logic unit into a reduced poWer state comprises inter 
rupting a connection betWeen at least a portion of the ?rst 
arithmetic logic unit and at least one of a voltage supply and 
ground. 

6. The method of claim 1, Wherein placing the ?rst arith 
metic logic unit into a reduced poWer state is delayed until an 
in-?ight operation of the ?rst Width has been completely 
processed by the ?rst arithmetic logic unit. 

7. The method of claim 1, Wherein during a time betWeen 
execution of a mode change instruction and a time When the 
?rst arithmetic logic unit has been placed into a reduced 
poWer state, the SIMD data processor continues to execute 
operations at the second Width in the second arithmetic logic 
unit. 

8. A SIMD data processor, comprising: 
a ?rst processing element responsive to program instruc 

tions, for processing data of a ?rst Width; 
a second processing element responsive to program 

instructions, connected to operate in parallel With the 
?rst processing unit, the parallel operation of the ?rst 
and second processing elements providing SIMD pro 
cessing of data of a second Width greater than the ?rst 
Width, Wherein the combination of said ?rst and second 
processing elements are con?gured to process data in 
response to SIMD type instructions; 

control logic for selectively activating and deactivating the 
second processing element in response to setting of a 
mode by program instructions calling for processing of 
data of the second Width and calling for processing of 
data of the ?rst Width, respectively; and 

an instruction expansion stage con?gured to convert a 
SIMD instruction calling for processing of data of the 
second Width to a plurality of instructions calling for 
processing of data of the ?rst Width and con?gured to 
supply the expanded plurality of instructions sequen 
tially to the ?rst processing element for execution, When 
the second processing element has been deactivated. 

9. The SIMD data processor of claim 8, Wherein the ?rst 
and second processing elements comprise arithmetic logic 
units. 

10. The SIMD data processor of claim 8, Wherein the 
processing elements are SIMD processing elements. 
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11. The SIMD data processor of claim 8, Wherein the 

processing elements are scalar processing elements. 
12. The SIMD data processor of claim 8, Wherein deacti 

vating the second processing element comprises gating a 
clock signal to the second processing element. 

13. The SIMD data processor of claim 8, Wherein deacti 
vating the second processing element comprises interrupting 
a connection betWeen at least a portion of the second process 
ing element and at least one of a voltage supply and ground. 

14. The SIMD data processor of claim 8, Wherein deacti 
vating the second processing element is delayed until an 
in-?ight operation of the second Width has been completely 
processed by the second processing element. 

15. The SIMD data processor of claim 8, Wherein during a 
time betWeen execution of a mode change instruction and a 
time When the second processing element has been deacti 
vated, the SIMD data processor continues to execute opera 
tions at the ?rst Width in the ?rst processing element. 

16. A method of processing a SIMD instruction in a SIMD 
data processor When a Width of a data path required by the 
SIMD instruction is greater than a Width of an active data 
path, comprising: 

deactivating a ?rst portion of a data path resulting in a 
second portion of the data path being an active path; 

receiving a SIMD instruction requiring a data path Width 
greater than the Width of the active data path; 

expanding the SIMD instruction into tWo or more instruc 
tions in response to the received SIMD instruction 
requiring a data path Width greater than the Width of the 
active data path, Wherein each expanded instruction 
requires at most the Width of the active data path; and 

sequentially processing the tWo or more expanded instruc 
tions utiliZing the active data path. 

17. The method of claim 16 Wherein expanding the SIMD 
instruction into tWo or more instructions is based on a current 

operating mode. 
18. A SIMD data processor, comprising: 
a ?rst processing means having a ?rst data path Width; 
a second processing means connected to operate in parallel 

With the ?rst processing means, the parallel operation of 
the ?rst and second processing means providing a sec 
ond data path Width greater than the ?rst data path Width; 

means for activating the second processing means in 
response to an instruction calling for processing of data 
of the second Width and for deactivating the second 
processing means in response to an instruction calling 
for processing of data of the ?rst Width; and 

expansion means for converting an instruction calling for 
processing of data of the second Width to a plurality of 
instructions calling for processing of data of the ?rst 
Width When the second processing means has been deac 
tivated and supplying the plurality of instructions 
sequentially to the ?rst arithmetic logic unit for execu 
tion. 

19. The SIMD data processor of claim 18, Wherein the ?rst 
and second processing means are SIMD type arithmetic logic 
units. 

20. The SIMD data processor of claim 18, Wherein the ?rst 
and second processing means are scalar type arithmetic logic 
units. 


